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Abstract 
There is a strong demand for a fast and reliable detection of explosives because of their use in most terrorist 
attacks. Chemical sensors, especially fluorescent ones, seem to fill the need in terms of reliability, cost and handling 
ability. In this paper, the detection of 2,4,6-trinitrotoluene (TNT) and 1,3,5-trinitro-1,3,5-triazacyclohexane (RDX or 
hexogen) using a heating device of the particles was studied. Two fluorescent sensitive materials were compared: 
diimine [1] and polycarbosilane functionalised with pyrene moieties at 50% (PCS-Py-50%) [2]. Both materials were 
shown to be sensitive to TNT and RDX vapours. The PCS-Py-50% material was the most promising for the detection 
of RDX because of a higher kinetics of interaction. 
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1. Introduction 
In order to mitigate terrorist threats, the development of performant systems for the detection of 
explosives has increased since the last decay. Chemical gas sensors are promising for trace detection of 
explosive vapours because of their sensitivity and selectivity. Fluorescent sensors showed an interesting 
sensibility for the detection of explosives [3] with a low vapour pressure like 2,4,6-trinitrotoluene (TNT) 
(7.7 ppb at 25°C [4]). However, the detection of very low vapour pressure explosives such as PETN 
(18×10-3 ppb at 25°C [4]) or RDX (6×10-3 ppb at 25°C [4]) is difficult at room temperature. In order to 
detect particles of these explosives on swabs, the heating device DESORB was developed. Indeed, a 
temperature increase leads to much higher vapour pressures (1.2×102 ppm for RDX and 14×105 ppm for 
TNT at 200°C [4]). In this work, the detection of TNT and RDX with two fluorescent materials (diimine 
and PCS-Py-50%) was studied: particles of TNT and RDX were introduced into the DESORB device at 
200°C for a very fast generation of the explosive vapours to be detected by the fluorescent sensor. 
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2. Experimental 
The fluorescent detector used in this work is presented on Fig.1a. The LED lights up the fluorescent 
material and the intensity of the light emitted is measured with a photodetector. The interaction between 
the sensitive material and the explosive vapours leads to a fluorescent quenching which is used for the 
detection. The heating chamber of DESORB device is made of electro polish stainless steel and it has a 
volume around 7cm3. The maximum heating temperature of DESORB is 200°C (Fig.1b). 
 
a        b  
Fig.1. (a) Concept of the fluorescent detector device; (b) DESORB device 
 
 
Previous studies showed that diimine and PCS-Py-50% were good candidates for detection of 
explosives by fluorescence [1-2]. Both fluorescent materials (Fig.2) were dissolved in chloroform and 
deposited onto the surface of a glass slide by dip-coating. 
              
Fig.2: Chemical structures of the sensitive fluorescent materials (a : diimine, b : PCS-Py-50%) 
 
In order to control the mass of explosive deposited on PTFE swabs, the explosive powders were 
dissolved in acetone at a known concentration and a precise volume of the prepared solution was 
deposited on the swab. In this work, all detections were performed on a mass of 1μg of explosive. The 
stabilisation phase and the fluorescence measurements were performed under a constant air flow of 
20L/h. 
3. Results and discussion 
3.1. Material stabilisation after connection with DESORB 
The baseline under humid air was recorded at ambient temperature for 10 minutes before starting the 
heating of DESORB at 200°C. As shown on Fig.3, the fluorescent signal of both materials was influenced 
by the temperature increase (Fig.3). In the case of diimine, the fluorescent signal decreased and reached a 
stable value after 15 minutes of heating. PCS-Py-50% exhibited a different behaviour. Its fluorescence 
signal first decreased, then increased up to a maximum and finally decreased to reach a stable signal after 
50 minutes of heating. Differential Scanning Calorimetry (DSC) experiments were performed on these 
materials in order to explain these phenomena (Fig.4). 
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Fig.3: Stabilisation of diimine and PCS-Py-50% in the course of the heating of DESORB 
 
 
Fig.4: DSC experiment performed on diimine and PCS-Py-50% samples (heating rate: 10°C/min) 
 
Diimine melted at 137°C. The endotherm at 129°C could be due to the presence of an impurity. In the 
case of PCS-Py-50%, no thermal phenomenon was observed between 20°C and 150°C. Moreover, the 
temperature in the detection chamber was measured around 80°C when DESORB was connected and 
heated at 200°C. These characterisations showed that the changes in the fluorescent signals were not due 
to a thermodynamic transformation whatever the material. 
For PCS-Py-50%, the signal increase could be correlated to a RDX condensation at the surface of the 
sensitive material as evidenced in Fig.5. Thus, the interaction between PCS-Py-50% and RDX(ads) is most 
probably different from the interaction between PCS-Py-50% and RDX(s). 
The final signal decrease of both materials could be due to photo bleaching, accelerated by the 
temperature increase. 
 
 
Fig.5: RDX condensation on a glass slide coated with PCS-Py-50% (photograph taken under ultraviolet lamp) 
3.2. Detection of TNT and RDX vapours with diimine and PCS-50%-Py using DESORB 
After the stabilisation step, detections of 1μg of TNT or 1μg of RDX deposited on PTFE swabs 
introduced into DESORB at 200°C, were performed with the diimine and PCS-Py-50% materials (Fig.6). 
Diimine exhibited a maximum fluorescence quenching of 70% for TNT and 30% for RDX. A quenching 
of 85% for TNT and 30% for RDX were measured with PCS-Py-50% sensors. 
Diimine and PCS-Py-50% materials were obviously more sensitive to TNT vapours because of the 
higher vapour pressure of TNT in comparison with that of RDX. Nevertheless, PCS-Py-50% proved to be 
Diimine PCS-50%-Py 
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more sensitive than diimine towards both explosives: a higher fluorescence quenching for TNT was 
measured and a much higher interaction kinetics for RDX vapours was observed. Indeed, a maximum 
fluorescence quenching was reached in few seconds with PCS-Py-50% whereas 10 minutes are needed in 
the case of diimine. 
 
 
 
Fig.6: Detection with diimine and PCS-Py-50% of 1μg of TNT or 1μg of RDX on PTFE swabs introduced in DESORB heated at 
200°C 
4. Conclusion 
In this study, two sensitive fluorescent materials (diimine and PCS-Py-50%) were compared for the 
detection of TNT and RDX vapours using the heating device DESORB. It was shown that both materials 
needed a stabilisation step during the heating of DESORB at 200°C under air before the detection phase. 
Nevertheless, no degradation of the materials was evidenced. PCS-Py-50% was the most promising 
material for the detection of RDX by fluorescence. Further work will be dedicated to the determination of 
the detection limit of RDX vapours. This study will require a careful control of the pollution of the 
devices by RDX vapours or particles. 
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